The city of Seattle, Washington State, lies within the Puget Sound Lowland, an elongate structural and topographic basin between the Cascade Range and Olympic Mountains. The area has been impacted by repeated glaciation in the past 2.4 m.y. and crustal deformation related to the Cascadia subduction zone. The present landscape largely results from those repeated cycles of glacial scouring and deposition and tectonic activity, subsequently modified by landsliding, stream erosion and deposition, and human activity. The last glacier to override the area, the Vashon-age glacier of the Fraser glaciation, reached the Seattle area ca. 14,500 14 C yr B.P. (17,400 cal yr B.P.) and had retreated from the area by ca. 13,650 14 C yr B.P. (16,400 cal yr B.P.). The Seattle area sits atop a complex and incomplete succession of glacial and nonglacial deposits that extends below sea level and overlies an irregular bedrock surface. These subsurface materials show spatial lithologic variability, are truncated by many unconformities, and are deformed by gentle folds and faults. Sediments that predate the last glacial-interglacial cycle are exposed where erosion has sliced into the upland, notably along the shorelines of Puget Sound and Lake Washington, along the Duwamish River valley, and along Holocene streams.
INTRODUCTION
The city of Seattle is the largest economic and population center of the Pacific Northwest, hosting ,578,000 residents (2006 estimate). More than 3.5 million people, over half of the population of the state of Washington, live in the surrounding region (http://www.seattle.gov/oir/datasheet/). The city covers 367 km 2 , 31% of which is covered by water bodies within the city limits; it ranges in altitude from sea level to 156 m (520 ft) at the highest point, in West Seattle.
Seattle's maritime climate features dry summers and wet winters, although the average number of days with rain during the summer is 7.5 d/mo in June through September. Long-duration, low-to-moderate intensity storms occur frequently from November through April, and annual average precipitation is ,0.9 m. Rainfall intensities are quite low; the 100 yr 1 h rainfall intensity, for example, is less than 25 mm/h, a rate that is exceeded by the 2 yr 1 h rate across more than half of the rest of the United States (U.S. Department of Commerce, 1963) . As a counterpoint, the wettest month on record occurred in November 2006, wherein 39.7 cm (15.63 in.) of rain fell in Seattle, with 8.4 cm (3.29 in.) falling on one day; the average rainfall for November is 15 cm (5.9 in).
Glacial Geomorphic Setting
The city of Seattle lies in the center of an elongate structural and topographic basin between the Cascade Range and Olympic Mountains known as the Puget Lowland (Fig. 1) . Marine waterways occupy the center of the basin, the main trough of which is Puget Sound. The city occupies land adjacent to Puget Sound and is bounded on the east by another trough, which is occupied by Lake Washington (Fig. 2) . The south half of the city is divided by a third trough, the Duwamish valley, which is now filled with alluvial sediment (Fig. 3) . The troughs are part of a series of subglacial troughs described by Booth (1994) .
The landscape of today was molded by glacial and glaciofluvial scouring and deposition, tectonic folding and faulting, inundation by volcanic mudflow deposits, modern processes such as landsliding and stream erosion, and extensive human modification. Coalescing glaciers advanced southward into the Seattle area from British Columbia repeatedly during the Quaternary period, which represents the past 2.4 m.y. Fluted upland plateaus of till and sand dominate the landscape, interspersed with crosscutting valleys, deep north-south troughs, and numerous lakes and depressions (Fig. 3) . The last ice sheet reached the Seattle region ca. 14,500 14 C yr B.P. and retreated from the area by 13, 650 14 C yr B.P. (equivalent to 17,400 cal yr B.P. and 16,400 cal yr B.P.; Porter and Swanson, 1998) . The Seattle area sits atop a complex and incomplete succession of interleaved glacial and nonglacial deposits that overlie an irregular bedrock surface.
Tertiary marine and volcaniclastic bedrock is exposed in the southeast part of Seattle and in isolated outcrops at the western tip of West Seattle. Just south of the city limits, intrusive rock extends through the alluvium of the Duwamish valley. The surface of the bedrock has been molded into a series of basins and uplifts by faulting and folding with 1.1 km (3600 ft) of relief (Jones, 1996) .
Tectonic Setting
The Puget Lowland lies within a forearc basin, which has undergone north-south shortening since late Cenozoic time (Wells et al., 1998) . The crustal shortening has produced east-west-trending folds and faults, several bedrock-cored uplifts and basins (Blakely et al., 2002) , and Holocene seismicity and surface faulting (Bucknam et al., 1992; Johnson et al., 1999; Blakely et al., 2002; Nelson et al., 2003; Sherrod et al., 2004; Kelsey et al., 2004) . Seattle spans part of two of these structures: the Seattle uplift, which extends south from the south-of-downtown area (SODO) for ,30 km into the Tacoma area; and the Seattle basin, which extends north from the SODO area 25 km to the northern city limit (Fig. 4) . Dividing these two features is the Seattle fault zone, mapped from Hood Canal east across most of the Puget Lowland. Although discontinuous fault scarps less than 2 km long show movement on the Seattle fault 1100 yr ago (Bucknam et al., 1992) , most displacements and truncations of strata seen in outcrops in the Seattle area result from Holocene landsliding, unconformities, or glacial deformation rather than fault movement (Booth et al., 2004a) .
Previous Work
Several publications provide excellent information about the geology of the Seattle area. Stark and Mullineaux (1950) wrote about the glacial geology of the city of Seattle as part of a master's thesis. Galster and Laprade (1991) give a thorough description of the engineering and social geologic aspects of the area and provide ample photographs of geologic materials and engineered works. Theirs is the first descriptive manuscript focused on all aspects of the geology of Seattle. Waldron et al. (1962) produced a preliminary geologic map of the Seattle area at a scale of 1:31,680 that persisted until 2005, when it was finally superseded by a more current geologic map of Seattle produced by Troost et al. (2005) . Waldron (1967) also produced a final geologic map of the Duwamish Head quadrangle at a scale of 1:24,000. Each of the four U.S. Geological Survey quadrangles that cover the city will be published at scales of 1:12,000, for example, the Seattle Northwest quadrant (Booth et al., 2005). Other geologic maps include the city of Seattle but are at much smaller scales (Yount and Gower, 1991; Yount et al., 1985 Yount et al., , 1993 .
Development of the Quaternary Framework
Given the predominance of Quaternary deposits, extent of landscape development during the Quaternary period, and influence of the Quaternary period on the geology of Seattle, discussion of the framework is warranted. In the Seattle area, the Quaternary period includes at least seven advances of continental glaciers, multiple incursions of lahars, and tectonic deformation. These events have left a myriad of unconformities, multiple paleotopographic surfaces, extensive channels and channel fills, a variety of lithologies with abundant horizontal and vertical facies changes, and multiple discontinuities. Recognition of unconformities and glacial versus interglacial deposits is Lobe, proximity to Mount Rainier, and positions of ice margins during formation of two major recessional lakes. Major active faults shown are from the U.S. Geological Survey Quaternary fault database except for the cluster of faults and lineaments shown for the Southern Whidbey Island fault zone between Lake Washington and Everett (Sherrod et al., 2005a (Sherrod et al., , 2005b (Sherrod et al., , 2008 important for reconstructing the geologic record, correlating across sites, and trying to project/predict distribution of geologic units.
The modern landscape is an analog for the paleotopography and geomorphic processes active during previous interglacial periods in the Puget Lowland because of demonstrably similar topographic relief prior to the last glaciation (Troost, 2006) . Most of the glacial advances into the Puget Lowland probably had equivalent characteristics with respect to thermal regime, amount and distribution of subglacial water, and degree of scouring, which would result in topographic relief similar to present day. Likewise, depositional patterns from the last glaciation provide an analog for previous glaciations, and modern depositional patterns can serve as an analog for previous interglacial periods.
With each glaciation, a new set of unconformities was generated: angular unconformities from deposition against trough walls and on slopes, and disconformities from deposition on weathered surfaces. Glaciers carved deep troughs, like in the modern landscape, but not necessarily in the same places as during previous interglacial periods (Booth, 1994; Booth et al., 2004b) . About 50% of modern hills are cored by older hills and 50% are composed of deposits from the last glaciation, suggesting that the geographic distribution of hills also varied between climate cycles (Troost, 2006) .
The glacial and interglacial sediment sequences consist of discontinuous stratigraphic units commonly separated by erosional unconformities. Because of the complexity of the resulting depositional record, quantitative techniques, such as chemical analyses and isotopic dating, are necessary to identify and correlate stratigraphic units because each glacial and interglacial depositional sequence looks like its predecessor.
Quantitative and analytical techniques employed include: provenance studies; microfossil studies (pollen and diatom analyses); absolute dating techniques (optically stimulated thermoluminescence, radiocarbon, argon/argon); and paleomagnetic measurements (including secular variation).
Differences in lithology in the sand-size fraction often provide reliable indicators of provenance and, hence, glacial or interglacial origin (Troost, 1999) . During glaciation, ice carried clastic material from the mountains of British Columbia (Fig. 1) . During interglaciations, Puget Lowland streams reworked the glacial sediments and introduced compositionally distinct clastic materials derived from the bordering Cascade Range and Olympic Mountains.
GEOLOGIC HISTORY AND LANDSCAPE DEVELOPMENT
The rocks and unconsolidated deposits of western Washington record more than 0.25 b.y. of earth history. The foundation of this history is incompletely displayed by rocks now exposed in the foothills and uplands of the North Cascades along the eastern boundary of the Puget Lowland, ,50-100 km northeast of Seattle. They record a history of oceans, volcanic island arcs, and subduction zones, mostly of Mesozoic age, but there are also some late Paleozoic components (which, in western Washington, are as old as 275 Ma) (Frizzell et al., 1987; Tabor and Haugerud, 1999; Tabor et al., 2000) . None of these rocks are exposed in the vicinity of Seattle, but their correlatives may lie beneath a thick Tertiary and Quaternary cover.
Tertiary Period
During the Eocene, from ca. 56 to 34 Ma (Gradstein et al., 2004) , a wide coastal plain and undersea shelf existed seaward of Washington; the broad deltaic lowlands were called the Weaver Plain by Mackin and Cary (1965) . During this time, a volcanic chain sitting on the Kula and Farallon plates merged with the North American plate to form the volcanic underplate of the Olympic Coast range. The Crescent Basalt, made up of submarine lava forming the basement rock beneath Puget Sound, is believed to have formed the core of the Coast Range, having originated farther at sea (Fig. 5 ).
In the middle to late Eocene, some volcanic eruptions occurred, including in the Seattle area (Orr and Orr, 1996) , and the Crescent Formation in the Olympics was initially raised. The submarine volcanic platform subsided, creating a long basin parallel to the margin of western Washington beginning in latest Eocene time.
During the middle and late Eocene (ca. 50-42 Ma), large rivers emptied into the 160-240-km-wide subsiding coastal plain that lay west of the modern Cascade Range and east of the modern Olympic Mountains (and probably east of Puget Sound as well). This ancient river system produced the sandstone and volcanic rocks of the Puget Group on the broad coastal plain. Uplift in the Seattle fault zone is responsible for the prominence of the Newcastle Hills, a few kilometers east of Seattle. Abundant plant debris in the Puget Group provided coal deposits that helped shape the nineteenth-century and first half of the twentieth-century economy and history of the region. Rocks correlative to the Puget Group are now exposed across much of western Washington, particularly along the eastern boundary of the Tabor and Cady (1978) strength through alteration and decomposition of cementation, fracturing, and secondary FeO 2 mineralization.
Quaternary Deposits
At least seven invasions of glacial ice and intervening nonglacial episodes in the Puget Lowland (Fig. 6) have produced a discontinuous and complicated Quaternary stratigraphic record.
Strata predating the Vashon stade of the Fraser glaciation (Armstrong et al., 1965) are assigned to undivided pre-Fraser deposits (older than 14 ka), Olympia beds (following the time-stratigraphic nomenclature of Armstrong et al., 1965) (14 ka to 60 ka), or pre-Olympia deposits (older than 70 ka). Relatively little is known about the deposits older than ca. 20,000 yr in the Seattle area because they are largely buried by Vashon deposits or lie below sea level. Assignment of formal stratigraphic names is limited for the pre-Olympia deposits in Seattle because of a paucity of absolute age control and an abundance of unconformities. PreVashon deposits cover ,9% of the land area of Seattle, and most of that area is on steep slopes (Plate 2C [see footnote 1]).
Pre-Olympia Deposits
Optically stimulated thermoluminescence (OSL), paleomagnetic measurements, and argon/argon dating are effective tools for subdividing pre-Olympia deposits in the Seattle area (Hagstrum et al., 2002; Mahan et al., 2003; R. Fleck, 2004, written commun.) . Whidbey-age deposits, confirmed at the south end of Magnolia Hill near sea level, are too limited in extent to show at map scale. Reverse magnetization of a unique character correlating with the Blake subchron (Fig. 4) helps to identify Whidbey-age deposits in the Puget Lowland (Hagstrum et al., 2002) . Possession-age fine-grained glaciolacustrine deposits are exposed under I-5 on the west side of Beacon Hill. Both of these geologic units were recently confirmed in the subsurface using OSL on samples from exploratory boreholes for the rapid transit tunnel in the University of Washington and Capitol Hill areas (D. McCormack and S. Mahan, 2008, written commun.) .
Two other pre-Olympia-age deposits have also been recognized in Seattle: Hamm Creek ash and a pre-Olympia estuarine deposit. The informally named Hamm Creek interglaciation is based on ash deposits first identified in southwest Seattle in three different stream valleys; all named Hamm Creek (Troost et al., 2005) . Argon/argon analyses on multiple samples yielded an average age of 200,000 ¡ 10,000 (Fleck, 2004, written commun.) . The ash layers occur in a thick nonglacial deposit that has also been identified using OSL in other areas of the Puget Lowland (Mahan et al., 2003; Troost et al., 2003) . Pre-Olympia estuarine deposits containing obligate species (E. Nesbitt, 2004, written commun.) have been identified below the Hamm Creek deposits. No age has been obtained on this unit.
Olympia Beds
The Olympia nonglacial interval (Armstrong et al., 1965) is defined as ''the climatic episode immediately preceding the last major glaciation, and represented by nonglacial strata beneath Vashon Drift.'' The type section is at Fort Lawton at Discovery Park in Seattle ( Fig. 10 ; Table 1 ). Olympia-age deposits accumulated between ca. 65,000 yr B.P. and 15,000 yr B.P. across the Puget Lowland, closely approximating the limiting ages for marine oxygen isotope stage 3. Sea level during the coldest part of the Olympia nonglacial interval (,40,000 yr ago) was ,65 m (213 ft) lower than today (Lambeck et al., 2002) , so the amount of relief on the pre-Vashon topography was perhaps 500 m (1600 ft) across the Puget Lowland (Troost, 2006) , with narrow channels and ridges and broad troughs. Many Puget Lowland troughs are ,65 m (200 ft) deep (Troost, 2006) , consistent with the maximum low sea level during the Olympia nonglacial interval.
Environments represented by deposits of the Olympia nonglacial interval in the Seattle area include peat bogs, river valleys with floodplains, low-lying areas, lakes, and uplands. During at least part of the Olympia interval, the eastern side of the main trough of Puget Sound hosted north-and west-flowing streams. Macrofossil and pollen evidence at the type section (Armstrong et al., 1965) and on the beach opposite Me Kwa Mooks Park in West Seattle indicates a freshwater fluvial environment and climate somewhat cooler than today. The deposit on the beach in West Seattle consists of interbedded peat and organic silt (Fig. 11 ) that can be traced inland for 2 km where it is part of a thick unit that also contains gravel layers. The folding seen on the beach likely records movement in the Seattle fault zone; it could be related to paleolandsliding or glaciotectonic deformation.
Olympia-age paleosols have been traced in the Capitol Hill subsurface for 2 km (Shannon & Wilson, 1999) . Other organic-bearing deposits, older than 40,000 14 C yr B.P., are exposed just above the Lake Washington shoreline in the northeast part of Seattle; they may reflect deposition during the first half of the Olympia nonglacial interval or, alternatively, during an older interglacial interval.
Pre-Fraser Deposits
The designation, ''Pre-Fraser deposits,'' is a map unit used where no age control is available other than that the deposits are older than Vashon Drift, and that the deposits' origins are indistinguishable between glacial and nonglacial. Pre-Fraser deposits may be further subdivided by grain size.
Vashon Stade Deposits
During the Vashon stade of the Fraser glaciation (Fig. 6) , ice advanced over Seattle. The stratigraphic record of this advance consists of proglacial lacustrine silt and clay, advance outwash sand and gravel, till, ice-contact deposits, and recessional deposits including outwash sand and gravel and lacustrine silt and clay (Plate 2D-2G). The Vashon advance outwash and proglacial lacustrine deposits were formally named as the Esperance Sand Member of the Vashon Drift and the Lawton Clay Member of the Vashon Drift by Mullineaux et al. (1965) . The type section is at Fort Lawton at Discovery Park ( Fig. 10 ; Table 1 ). The Lawton Clay was originally called the Pilchuck Clay Member of the Vashon Drift by Newcomb (1952) . Vashon till was named for excellent exposures of till on Vashon Island, ,10 km west and southwest of Seattle ( Fig. 7; Table 1 ).
Elevations at the top of the Lawton Clay are generally ,60 m (200 ft) above sea level and show little north-to-south variation since isostatic adjustments probably postdate most of the interval of deposition. Given this elevation, only the pre-Vashon-age valleys would have been inundated with water and therefore received this deposition. During ice advance, however, other upland lakes were also filling with sediment. Thus, time-correlative lacustrine deposits have been found at many elevations. Where Lawton Clay is encountered at high elevation (i.e., .60 m), and it is part of a main valley fill deposit, then tectonic uplift may have been involved.
Deposition of Lawton Clay marks a period of transition from interglacial to glacial climate and hence a change in vegetation. Wood debris is present but not common in the base of the Lawton Clay. The mineral vivianite is also present, which is a secondary mineral resulting from the decay of organic matter in the presence of phosphate. Often, this chalky mineral (white, oxidizing to blue) is all that remains of organic matter. Another characteristic of the Lawton Clay, and other glaciolacustrine deposits, is the presence of calcareous concretions.
The term Esperance Sand was first used to describe the sand below the Vashon till in Snohomish County as having both an advance outwash origin and perhaps an older, preVashon source (Newcomb, 1952) . The term Esperance Sand was further defined to mean the Vashon advance outwash, the formal name first given to a distinctive sandy facies exposed in the cliffs of Fort Lawton (Mullineaux et al., 1965) . This glaciofluvial deposit prograded in front of the advancing Vashon-age ice sheet, filling the lowland valleys and covering all but the bedrock promontories in the Puget Lowland (Booth, 1994) . Outcrops of the Esperance Sand display evidence of braided and high-energy streams, deltas, and lacustrine environments. Deep channels cut into the underlying Lawton Clay (or older deposits) filled with advance outwash are present throughout Seattle, and they do not always coincide with the locations of previous channels or of modern valleys.
The advance outwash is predominantly permeable, clean, uniform sand. It is also the most voluminous deposit in Seattle. Where it rests on fine-grained material, groundwater accumulates, often emerging from hillsides in the form of springs and seeps.
Sandy advance outwash underlies most of the area, ranging in thickness from a few meters to 60 m (200 ft). Thick advance outwash is present under ,50% of the hills in Seattle, and elsewhere Vashon deposits drape pre-existing hills (Troost, 2006) . Advance sand is now recognized at the ground surface across ,17% of the land surface of the city (Plate 2D [see footnote 1]), which is substantially more than the 11% mapped by Waldron et al. (1962) .
Vashon till, formed at the base of the Puget Lobe, is predominantly a massive matrix-supported mixture of gravel, sand, and silt. Cobbles and boulders are present scattered throughout the till; however, boulders more than 3 m (10 ft) in diameter are uncommon. Till is present at the surface over ,40% of the city, commonly draping the topography, and even extending to below sea level. Based on .20,000 borings that penetrate the Vashon till, thickness varies from 1 to 30 m (3-100 ft) thick, averaging ,10 m.
The distribution of till across the landscape is neither regular nor continuous, even in drumlinized terrain (Troost et al., 2005) ; rather, it displays wide variations in thickness and has broad areas with no apparent deposition at all. Such patterns are well displayed across the geologic map of Seattle, particularly in areas of northwest and west Seattle. The surface underlain by till is locally fluted, with elongated hills displaying a prominent, north-south orientation. However, the surface underlain by Vashon advance outwash is also locally fluted, so this is not a reliable predictor of the presence of till, but it is a good indication of the type of outwash present, advance or recessional. The long axes of these drumlins and fluted topography record the iceflow direction (Fig. 8) .
Vashon till mantles the landscape and drapes the underlying topography, following slopes down to (and below) sea level, as seen in the west-central and east-central parts of the city. It rests both conformably and unconformably on the underlying outwash and unconformably on the pre-Vashon topography (Plate 2D-2E). Where present at the surface, the till provides a lowpermeability cover to underlying aquifers, reducing recharge but also offering some protection from surface contaminants. Abundant discontinuities within the till can increase its permeability by several orders of magnitude, however, allowing faster transmission of water and contaminants than the unfractured till matrix. Depending on subglacial conditions, the discontinuities may consist of intercalated sand and silt layers, joints, and/or bedding. Vashon till commonly contains sand lenses and fractures; outcrops of till without sand lenses and fractures are rare. Voids, reported by consultants and excavating contractors at 2-8 m in diameter, are uncommon in the till and presumably came from the melting of buried blocks of ice. W. Laprade (2004, personal commun.) reported that on the lee sides of drumlins in Seattle, Vashon till contains an abundance of sand bodies (Troost et al., 2004) .
Subhorizontal to vertical joints are common in the Vashon till. Many primary and secondary processes create joints in till, including isostatic loading and unloading, glaciotectonic deformation, subglacial shearing, dewatering, frost-cracking and weathering, tectonic deformation, and stress release from adjacent landsliding (McGown and Derbyshire, 1977) .
Ice-contact and recessional deposits are common in Seattle, constituting 12% of the map area (Plate 2F). Many of the recessional deposits occupy channels that are interconnected, particularly in the southeast part of Seattle. These interconnected channels also tie into former glacial lake elevations and often contain peat deposits where lakes have evolved to bogs. Rainier Valley in southeast Seattle is a good example of a former recessional lake channel that is filled with 18 m (60 ft) of soft silt and clay and contains isolated peat deposits. Kettle lakes occupy depressions once filled with blocks of ice; Green and Haller Lakes are good examples (Plate 2F).
The origin of the northwest-trending ship canal valley (Fig. 8) is unknown. However, its orientation parallels that of many other northwest-trending valleys, beach cliffs, and stream bends. This northwest strike is perpendicular to the direction of the subducting Juan de Fuca plate, consistent with the northwest-trending folds in the Eocene bedrock, and parallel to the Southern Whidbey Island fault zonè and other major faults that cross Washington State, suggesting that bedrock structure may be reflected at the ground surface. More significantly, the natural segment of the ship canal aligns with the ice limit during the maximum extent of Lake Russell (Fig. 2) . Depressions (Fig. 8) line the valley beneath the postglacial fill, suggesting that these depressions were scoured subglacially or as part of a subglacial trough during ice occupation. Other valleys in Seattle exhibit these same types of depressions.
Holocene Deposits
Since deglaciation, deposition includes alluvium, beach deposits, lake deposits, peat, topsoil development, colluvium, landslide debris, and artificial fill (Plate 2F-2H). On the upland surface, soil formation has proceeded slowly but with locally profound hydrologic consequences. The upper meter or so beneath an undisturbed surface usually consists of a poorly to well-developed A horizon underlain by silty weathered parent material. Unweathered Vashon till absorbs water only very slowly; in contrast, the meter or so of soil that has developed on the till since deglaciation has high infiltration capacities and a large capacity to store and slowly release subsurface runoff.
Colluvium. A few centimeters to several meters thick, colluvium covers nearly all of the slopes in Seattle. Colluvium is derived from creep and weathering; hence, it is a mixture of local materials. Colluvium and mass-wasting deposits are widespread, though seldom thick or continuous enough to map. However, where repeated landsliding has obscured the underlying geology and topography and discrete landslides are hard to differentiate, colluvium has been mapped (Plate 1, overprint pattern). This material is often unstable on steep slopes during repeated rainfall episodes.
Landslide Debris. Small landslides (,8 m across) are common on steep slopes; they consist of slumps and earth flows caused chiefly by wetting/saturation from heavy rainfall, surface erosion during long periods of rain, and (or) spring sapping. The large landslides that are the primary subject of this volume are found preferentially where subglacial erosion or wave erosion, stream erosion, or human activity has created steep slopes. They are enhanced wherever permeable deposits, most commonly Vashon advance outwash, overlie less permeable deposits that perch groundwater (Tubbs, 1974) . They are also more common where groundwater flow is localized at the face of steep slopes, which is the topic of another chapter in this volume. Where landslides are young enough that debris and distinct morphology can be outlined on a map, the deposits are mapped using an overprint pattern (Plate 1). Landslide debris is also potentially unstable when it rests on a steep slope and becomes saturated. In many areas of Seattle, landslide deposits are known to exceed 20 m in thickness.
Artificial Fill. The landscape of Seattle has been significantly impacted by placement of fill and excavation during the early part of the century. Galster and Laprade (1991) presented an excellent description of the major fill and land modification events that have taken place in Seattle. For that reason, only a brief summary will be described here. The geologic map (Plate 1) shows different types of modified land as overprints, allowing the underlying geologic
